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(54) Title: MULTICAST HANDOVER FOR MOBILE INTERNET PROTOCOL 
(57) Abstract 



In a mobile Internet Protocol (IP) en- 
vironment, intra-site handovers are more 
efficiently and effectively accomplished by 
employing a hierarchical, double-protocol 
approach to mobility management. At the 
Internet site level, IP data packets destined 
for a visiting mobile terminal are tunneled 
from an Internet site level node called a 
Mobility Management Agent (MMA) to the 
mobile terminal in accordance with a Multi- 
cast routing protocol and the mobile termi- 
nal's Multicast address. Outside the Internet 
site, the IP data packets are routed between 
the MMA and correspondent nodes in accor- 
dance with the rules and procedures associ- 
ated with Mobile IP, particularly Mobile IP 
version 6. By employing a Multicast routing 
protocol at the Internet site level, the mobile 
terminal need not re-register with its home 
agent or the MMA each time it undergoes 
an intra-site handover, thereby conserving 
time and network overhead, resulting in a 
more efficient and effective handover pro- 
cedure. 
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MULTICAST HANDOVER FOR MOBILE INTERNET PROTOCOL 

FIELD OF INVENTION 

5 The present invention involves the field of telecommunications. More 

particularly, the present invention involves the field of mobile telecommunications 
and the Mobile Internet Protocol. 

BACKGROUND 

10 The network-layer protocol associated with the Internet is appropriately 

called the Internet Protocol (IP). In general, the IP connects the various networks 
and subnetworks which make up the Internet by defining, among other things, the 
rules and procedures which govern the way IP data packets are routed from a 
source node to a destination node. To ensure that IP data packets are correctly 

15 routed, every node is assigned an IP address, wherein the IP address defines a 
fixed network location associated with a correspondent node. While the IP 
adequately handles the routing of data between fixed network nodes, it does not 
adequately handle the routing of IP data packets to and/or from mobile nodes. 

In contrast, the Mobile Internet Protocol (i.e., Mobile IP) was designed to 

20 ' specifically handle the routing of IP data packets to and/or from mobile nodes 
(i.e., mobile terminals which frequently change their point-of-attachment to the 
Internet). Moreover, Mobile IP was designed to handle the routing of IP data 
packets to and/or from mobile nodes without significantly interrupting on-going 
communications and without requiring mobile nodes to restart applications. 

25 Mobile IP supports mobility, in part, by assigning two IP addresses to each 

mobile node, herein referred to as mobile terminals. The first of these IP 
addresses is known as the home address. The home address is a permanent IP 
address, and it is associated with a mobile terminal's point-of-attachment in the 
mobile terminal's home network. The second IP address is called the care-of- 

30 address. The care-of-address is assigned to a mobile terminal when the mobile 
terminal moves and attaches to a foreign network. Unlike the mobile terminal 1 s 
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home address, the care-of address is a temporary address. The care-of address is a 
temporary address because it changes whenever the mobile terminal undergoes a 
handover procedure from one point-of-attachment to another in a foreign network. 
Presently, there are two versions of Mobile IP that have been proposed by 

'5 the Internet Engineering Task Force (IETF): Mobile IP version 4 (MIPv4) and 
Mobile IP version 6 (MIPv6). Briefly, Mobile (IPv4) works as follows. 
Whenever a mobile terminal moves, and in so doing, attaches to the Internet 
through a foreign network, the mobile terminal informs a special node, herein 
referred to as the mobile terminaPs home agent, as to its new care-of address. 

10 This process involves sending the home agent both the current care-of-address and 
the home address. The process is also referred to as a registration or binding 
update. 

After the mobile terminal registers it's new care-of address with the home 
agent, the home agent is able to serve as a proxy host for the mobile terminal. 

15 Accordingly, IP data packets addressed to the mobile terminal (i.e., the mobile 
terminal's home address) will be intercepted by the home agent. The home agent 
then encapsulates the IP data packet so that the destination address reflects the 
mobile terminal's care-of address. The data packet is then sent from the home 
agent to the mobile terminal's care-of address. When the IP data packet arrives at 

20 the care-of address, the IP data packet is retransformed or de-capsulated by 

stripping away the care-of address so that the mobile terminal's home address once 
again appears as the destination address. The IP data packet can then be delivered 
to the mobile terminal, wherein the data contained therein can be processed by the 
appropriate higher level protocols (e.g., TCP or UDP), as one skilled in the art 

25 will readily appreciate. 

There are a number of drawbacks associated with MIPv4. For example, 
network nodes generally have no way of knowing whether another node is a 
mobile node. Accordingly, if they wish to send IP data packets to another node, 
they must always do so by indirectly sending IP data packets through the other 
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node's home address, as explained above. This indirect routing of IP data packets 
adds delay to the IP data packet routing process, wherein excessive delay can be 
extremely detrimental to delay-sensitiye applications, such as voice applications. 
In addition, care-of-address allocation is often problematic due to the fact that the 
5 number of available care-of-addresses may be limited. 

MIPv6 includes several features that were designed to overcome some of 
the deficiencies associated with MIPv4. One such feature, for example, is called 
route optimization. 

In accordance with the route optimization feature, MIPv6 compatible nodes 

1 0 maintain a list which provides a mapping between a home address and a 

corresponding care-of-address for each of a number of mobile terminals. This list 
is maintained in, what is referred to as, a binding cache. When a mobile terminal 
moves, it sends a binding update message. Upon receiving the binding update 
message, each of the MIPv6 compatible nodes use the information contained in the 

1 5 binding update message to update their binding cache. The MIPv6 compatible 

nodes are then able to send IP data packets directly to the mobile terminal (i.e., to 
the mobile terminal's care-of-address) without first having to route the IP data 
' packets through the mobile terminars home agent. As one skilled in the art will 
readily appreciate, route optimization is intended to reduce IP data packet routing 

20 delay times. 

Despite numerous improvements over MIPv4, MIPv6 still exhibits 
numerous other deficiencies. One such deficiency is the way in which MIPv6 
manages micro mobility. Micro mobility involves the movement of a mobile 
terminal from one point-of-attachment to another within a single Internet site (i.e., 

25 between commonly administered networks, subnetworks or LAN segments). This 
type of movement is herein referred to as an intra-site handover. In contrast, 
macro mobility involves the movement of a mobile terminal from a first Internet 
site to a second Internet site. Such a move is herein referred to as an inter-site 
handover. More specifically, MIPv6 manages micro mobility in a manner that is 
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substantially similar to the way it manages macro mobility. For instance, whether 
a mobile terminal undergoes an inter-site handover or an intra-site handover, a 
binding update must be sent to the mobile terminal's home agent, and optionally to 
other MIPv6 compatible nodes, over the Internet, This, of course, adds 
5 unnecessary and often unacceptable delay to the handover process . These delays 
are most evident and unnecessary where the mobile terminal is engaged in an intra- 
site handover. 

Techniques have been proposed to help optimize intra-site handovers in a 
Mobile IP environment. One such technique involves assigning each visiting 

10 mobile terminal a "site" care-of-address when it first attaches to a foreign Internet 
site. Thereafter, the mobile terminal sends a registration or binding update to its 
home agent, wherein the registration or binding update message contains the 
mobile terminal's site care-of-address along with its home address. In addition, 
the mobile terminal sends a registration message to one or more border routers 

15 associated with the foreign Internet site, wherein the border routers essentially 
operate as gateways by routing IP data packets into and out of the corresponding 
Internet site. The registration message sent to the one or more border routers 
contains the "site" care-of-address assigned to the mobile terminal, as well as the 
mobile terminal's current care-of-address. Accordingly, an IP data packet being 

20 routed to the mobile terminal's home address will be intercepted by the home 
agent. The home agent HA then tunnels the IP data packet to the appropriate 
border router in accordance with the mobile terminal's "site" care-of-address. The 
border router then tunnels the IP data packet to the mobile terminal located at its 
current care-of-address. 

25 In accordance with this technique, a mobile terminal may be able to 

maintain the same "site" care-of-address as long as it is attached to the same 
foreign Internet site. If so, the mobile terminal need not re-register with its home 
agent each time it undergoes an intra-site handover. Nevertheless, as the mobile 
terminal's current care-of-address changes with each intra-site handover, it is still 
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necessary to re-register with the one or more border routers so that the mapping 
lists maintained therein can be properly updated, Therefore, this technique may 
result in unnecessary and unacceptable delays in completing an intra-site handover 
procedure. * 
5 In accordance with another prior technique, a multicast protocol address is 

assigned to a mobile terminal, wherein a correspondent node that intends to send 
IP data packets to the mobile terminal, sends the IP data packets directly to the 
mobile terminal's Multicast address. Accordingly, a Multicast routing protocol 
would be needed to route the IP data packets along the entire path from the 

10 correspondent node to the mobile terminal. The primary drawback with this 

technique is that all of the Backbone routers across the Internet would have to be 
able to support the Multicast routing protocol. In addition, all Internet nodes 
would have to be capable of sending IP data packets to a Multicast address. In 
addition, this solution is not very scalable. As one skilled in the art will 

15 appreciate, providing these capabilities would be extremely cost prohibitive. 

Accordingly, it would be desirable to provide a technique that further 
optimizes micro mobility, and in particular, the process of accomplishing an intra- 
site handover described in the first exemplary embodiment above. Again, it is of 
importance to note that this multicast address peed not be changed when the mobile 

20 terminal moves from one point-of-attachment to another during an intra-site 
handover, thereby making the process of managing micro mobility, including 
intra-site handovers, significantly more efficient. It should also be noted that 
while multicast addresses generally identify a number of hosts which are members 
of a multicast group, the multicast address being assigned in the present 

25 embodiment is to be associated with only one host, that is, one mobile terminal. 



10 
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SUMMARY OF THE INVENTION 

The present invention provides a technique for optimizing micro mobility in 
a Mobile IP environment, and in particular, for optimizing the process of 
accomplishing intra-site handovers. In general, the present invention accomplishes 
this by providing a hierarchical, double-protocol approach to mobility 
management. In particular, the present invention employs the rules and procedure 
associated with MIPv6 to handle macro mobility requirements and a Multicast 
routing protocol to handle micro mobility requirements. In doing so, a mobile 
terminal need not re-register with its home agent, any Internet site level router, 
server, or the like, during an intra-site handover, thereby reducing the time 
required to accomplish an intra-site handover, reducing network overhead and 
generally improving micro mobility. ' 

Accordingly, it is an objective of the present invention to improve intra-site 
handover efficiency in a Mobile IP environment. 
15 It is still another objective of the present invention to minimize intra-site 

handover latency. 

It is another objective of the present invention to make intra-site handovers 
' transparent to nodes external to the Internet site to which a mobile terminal is 
attached. 

20 It is yet another objective of the present invention to make intra-site 

handovers in a Mobile IP environment appear more seamless to the user. 

In accordance with one aspect of the present invention, the above-identified 
and other objects are achieved by a method for routing Internet Protocol (IP) data 
packets between a mobile terminal and a correspondent node. The method 

25 involves routing an IP data packet from the correspondent node, over the Internet, 
to a mobility management agent (MMA) associated with the Internet site to which 
the mobile terminal is attached. This is accomplished in accordance with a Mobile 
Internet Protocol (Mobile IP) and a network address associated with the MMA. 
The method also involves routing the IP data packet from the MMA to a present 
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location of the mobile terminal in the Internet site, in accordance with a Multicast 
routing protocol and a Multicast address which has been assigned to the mobile 
terminal. 

In accordance with another aspect of the present invention, the above- 
5 identified and other objects are achieved by a method for managing the micro 
mobility requirements of a mobile terminal. The method involves assigning the 
mobile terminal a Multicast address prior to initiating a first intra-site handover of 
the mobile terminal from a first subnetwork to a second subnetwork, wherein the 
first subnetwork is the mobile terminal's home subnetwork, and wherein both the 

10 first subnetwork and the second subnetwork are associated with the mobile 

terminal's home Internet site. Then a binding update message is sent to the MMA 
associated with the home Internet site, wherein the binding update message to the 
MMA contains information including the mobile terminal's Multicast address. 
Thereafter, a binding update message is sent to the home agent associated with the 

15 mobile terminal, wherein the binding update message to the home agent contains 
information including the home address associated with the mobile terminal. 

In accordance with still another aspect of the present invention, the above- 
identified and other objects are achieved by a method for managing the micro 
mobility requirements of a mobile terminal. The method involves assigning the 

20 mobile terminal a Multicast address prior to initiating an inter-site handover of the 
mobile terminal to a point-of-attachment associated with a foreign Internet site. A 
binding update message is then sent to the MMA associated with the foreign 
Internet site, wherein the binding update message to the MMA includes the home 
address for the mobile terminal and the mobile terminal' s Multicast address. The 

25 mobile terminal is also assigned a care-of-address in the MMA, and a binding 
update message is sent to the home agent associated with the mobile terminal, 
wherein the binding update to the home agent includes the mobile terminal's home 
address and the mobile terminal's care-of-address in the MMA. Next, an IP data 
packet is routed from a correspondent node, destined for the mobile terminal, over 
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the Internet to the mobile terminal's care-of-address in the MM A, in accordance 
with a Mobile IP. Thereafter, the IP data packet is routed from the MMA to the 
mobile terminal's point-of-attachmen{ in the foreign Internet site, in accordance 
with the mobile terminal's Multicast address and a Multicast routing protocol. 
5 In accordance with still another aspect of the present invention, the above- 

identified and other objects are achieved by a method for managing the micro 
mobility requirements of a mobile terminal. The method involves assigning the 
mobile terminal a Multicast address prior to initiating an inter-site handover of the 
mobile' terminal from a point-of-attachment in a foreign Internet site to a point-of- 

10 attachment in the mobile terminal's home Internet site. A binding update message 
is then sent to a first MMA associated with the home Internet site, wherein the 
binding update message to the first MMA includes the home address of the mobile 
terminal as well as the mobile terminal's Multicast address. In addition, the 
mobile terminal is assigned a care-of-address in the first MMA, and a binding 

15 update message is sent to the home agent associated with the mobile terminal, 
wherein the binding update message to the home agent includes the mobile 
terminal's home address and the mobile terminal's care-of-address associated with 
the first MMA. Then, an IP data packet is routed from a correspondent node, 
destined for the mobile terminal, over the Internet to the mobile terminal's care-of- 

20 address in the first MMA, in accordance with a Mobile Internet Protocol (IP); and 
thereafter, the IP data packet is routed from the first MMA to the mobile 
terminal's point-of-attachment in the home Internet site, in accordance with the 
mobile terminal's Multicast address and a Multicast routing protocol. 

In accordance with still another aspect of the present invention, the above- 

25 identified and other objects are achieved by a mobile telecommunications network 
capable of routing IP data packets between a mobile terminal and a correspondent 
node. The network includes a MMA associated with an Internet site to which the 
mobile terminal is attached. The network also includes means for routing an IP 
data packet from the correspondent node, over the Internet, to the MMA, in 
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accordance with a Mobile IP and a care-of-address associated with the MMA 
assigned to the mobile terminal, and means for routing the IP data packet from the 
MMA to a present location of the mobile terminal within the Internet site, in 
accordance with a Multicast routing protocol and a Multicast address which has 
5 been assigned to the mobile terminal. 

BRIEF DESCRIPTION OF THE FIGURES 

The objects and advantages of the present invention will be understood by 
reading the following detailed description in conjunction with the drawings in 
10 which: 

FIG, 1 illustrates the conceptual difference between macro mobility and 
micro mobility; 

FIG. 2 illustrates the hierarchical, double-protocol approach of the present 
invention; 

15 FIG. 3 illustrates an exemplary format for the Multicast address assigned to 

each mobile terminal in accordance with the present invention; 

FIG. 4 illustrates a first aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an intra-site handover; 

20 FIG. 5 illustrates a second aspect of the present invention, wherein the 

hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT after it has undergone an inter-site 
handover; 

FIG. 6 illustrates a third aspect of the present invention, wherein the 
25 hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover; 

FIG. 7 illustrates a fourth aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover; 



WO 00/54475 



PCT/SEOO/00458 



-10- 

FIG. 8 illustrates a fifth aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover; 

FIG. 9 illustrates yet a sixth aspect of the present invention wherein the 
5 hierarchical, double-protocol technique is used to support the micro mobility 

requirements of a mobile terminal MT that undergoes an inter-site handover; and 

FIG. 10 illustrates still a seventh aspect of the present invention wherein 
the hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover. 

10 

DETAILED DESCRIPTION OF THE INVENTION 
FIG. 1 illustrates the conceptual difference between macro mobility and 
micro mobility. Macro mobility, as illustrated, involves the movement of a mobile 
terminal (MT) from a point-of-attachment (e.g., POA A ) associated with a first 
15 Internet site, such as Internet site 1, to a point-of-attachment (e.g. , POAj.) 
associated with a second Internet site, such as Internet site 2, wherein the 
movement from a first Internet site to a second Internet site is referred to herein 
1 below as an inter-site handover. In contrast, micro mobility involves the 

movement of a mobile terminal MT from a first point-of-attachment (e.g., POAa) 
20 to a second point-of-attachment (e.g. , POA B ), wherein both the first and the second 
points-of-attachment are associated with the same Internet site, for example, 
Internet site 1 ; Furthermore, the movement of the mobile terminal MT from 
POA A to POA B is referred to herein below as an intra-site handover. 

As discussed above, MIPv6 does not effectively or efficiently support 
25 micro mobility. The present invention, however, provides a network solution that 
improves MIPv6's ability to support micro mobility, and particularly, its ability to 
accomplish intra-site handovers. Because mobile terminals engage in intra-site 
handovers at a far greater frequency than inter-site handovers, improving the 
efficiency and effectiveness of intra-site handovers is extremely important. 
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In general, the present invention more efficiently and effectively 
accomplishes intra-site handovers by employing a Multicast routing protocol, such 
as a Protocol Independent Multicast (PIM) routing protocol. However, the present 
invention only employs the Multicast routing protocol to support micro mobility 
5 (i.e. , supporting intra-site handover and the routing of IP data packets at the 
Internet site level); whereas the present invention employs a Unicast routing 
protocol to support macro mobility (i.e., the routing of IP data packets outside or 
between Internet sites) in accordance with the rules and procedures of a Mobile IP, 
such as, though not limited to, MIPv6. The benefit of this hierarchical, double- 

10 protocol approach, wherein a Multicast routing protocol is used to support a 

mobile terminal's micro mobility requirements at a given Internet site, is that all 
intra-site handovers are completely transparent to network nodes external to the 
Internet site. Accordingly, there is no need for the mobile terminal MT to re- 
register with its home agent during an intra-site handover procedure. Moreover, 

15 there is no requirement that backbone routers along the path of an IP data packet 
be compatible with Multicast. In addition, because IP data packets are routed in 
accordance with a Multicast protocol at the Internet site level, the mobile terminal 
MT need not re-register with any border router, server, or the like, associated with 
the Internet site to which the mobile terminal is attached. 

20 FIG. 2 illustrates the hierarchical, double-protocol approach of the present 

invention. As shown in FIG. 2, the "solid" line represents the path through the 
Internet traveled by IP data packets being routed to and from a correspondent node 
(CN), wherein the IP data packets traveling along this path are routed in 
accordance a Unicast routing protocol and the rules and procedures associated with 

25 MIPv6. The "dotted" lines, in contrast, represent potential paths through a local 
Internet site along which the IP data packets may travel to and from the mobile 
terminal MT. The IP data packets traveling along either of these two paths are 
routed in accordance with a Multicast routing protocol and a Multicast address that 
has been assigned to the mobile terminal MT. 
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The present invention implements this hierarchical, double-protocol 
approach by employing a special Internet site level node, herein referred to as a 
Mobility Management Agent (MMA), also illustrated in FIG. 2. In a preferred 
embodiment of the present invention, the MMA is a combination of both hardware 
5 and software. Furthermore, each Internet site would employ an MMA. The 
primary function of the MMA is to provide a functional interface between the 
Unicast addressing scheme associated with MIPv6, which as stated above, is to be 
used for routing IP data packets outside or between Internet sites, and a Multicast 
addressing scheme associated with the Multicast routing protocol, which is to be 

10 used for routing IP data packets within an Internet site. The MMA provides this 
functionality, in part, by mapping a mobile terminal care-of -address, which is 
associated with the MMA itself, and the mobile terminal's Multicast address. 

In accordance with a preferred embodiment of the present invention, each 
mobile terminal is assigned both a global Unicast address, which is referred to 

15 herein below as the mobile terminal's home address, as well as a MIPv6 Multicast 
address. The Multicast address, in turn, comprises a multicast prefix together with 
the EUI64 identifier of the mobile terminal's interface. As one skilled in the art 
will readily appreciate, the EUI64 identifier, is a 64-bit, IEEE global identifier 
code which is constructed from the hardware address of the network interface card 

20 (e.g., the PCMCIA card or Ethernet card) installed in the mobile terminal. 
Although the EUI64 identifier code is globally unique, it is sufficient for the 
purpose of the present invention that the Multicast address be unique within the 
immediate Internet site. FIG. 3 illustrates an exemplary format for the Multicast 
address to be assigned to each mobile terminal. 

25 It should be noted that while a mobile terminal MT is attached to its home , 

network, within its home Internet site, IP data packets are to be routed to and from 
the mobile terminal MT, in accordance with the mobile terminal's home address 
and MIPv6. It is when the mobile terminal MT travels from its home network to a 
point-of-attachment outside its home network that the various aspects of the present 
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invention are applicable, as will now be explained in greater detail. 

FIG. 4 illustrates a first aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an intra-site handover from a 
5 point-of-attachment associated with its home network to a point-of-attachment 
associated with another subnetwork, for example, subnetwork 1, wherein 
subnetwork 1 is associated with the mobile terminal's home Internet site. In 
accordance with this first aspect of the present invention, the mobile terminal MT 
first registers with the home Internet site's MMA by sending a binding update to 
10 the MMA, wherein the binding update contains the mobile terminal's home 
address and the mobile terminal's Multicast address. In return, the mobile 
terminal receives a care-of-address associated with the MMA, which is sent, along 
with the mobile terminal's home address to the home agent in a binding update 
message. 

15 Further in accordance with this first aspect of the present invention, as 

illustrated in FIG. 4, IP data packets being sent to the mobile terminal's home 
address by a correspondent node CN are routed over the Internet, as shown by line 
(1), in accordance with MIPv6. In the mobile terminal's home network, the IP 
data packets are intercepted by the mobile terminal's home agent HA. The home 

20 agent HA encapsulates the IP data packets using the mobile terminal's care-of- 
address associated with the MMA and then sends the encapsulated IP data packets 
to the MMA, as illustrated by line (2). The MMA then decapsulates the IP data 
packets and, thereafter, tunnels them to the mobile terminal's Multicast address in 
accordance with the Multicast routing protocol, as illustrated by "dashed" line (3), 

25 where tunneling involves the encapsulation, sending and de-capsulation of data 
packets as one skilled in the art will appreciate. 

Whenever a mobile terminal MT connects itself to a point-of-attachment 
that is not associated with the mobile terminal's home network, the mobile 
terminal MT is assigned a temporary care-of-address, in accordance with MIPv6. 



t 
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This temporary care-of-address is used when sending IP data packet from the 
mobile node to a correspondent node CN. More specifically, when the mobile 
terminal MT sends an IP data packet to a correspondent node CN, the temporary 
care-of-address, which represents the mobile terminars present location, is 
5 included in the source field of the IP data packet header. Also included in the IP 
data packet header is a Home Address Option field, in which, the mobile 
terminal's home address is inserted. Inserting the temporary care-of-address into 
the source field of the IP data packet header ensures that the IP data packet will 
avoid ingress filtering at intermediate routers, as one skilled in the art will 
10 appreciate. 

Of course, the mobile terminal MT may continue to move about within the 
geographical region associated with the home Internet site. In doing so, the 
mobile terminal MT may undergo one or more intra-site handovers, for example, 
from a point-of-attachment associated with subnetwork 1 to a point-of-attachment 

15 associated with subnetwork 2. However, regardless how many intra-site 

handovers the mobile terminal MT undergoes, there is no need for the mobile 
terminal MT to re-register with the home agent HA or the MMA, as long as the 
mobile terminal MT remains attached to the Internet site. That is because the 
Multicast routing protocol ensures that IP data packets, destined for the mobile 

20 terminal MT, are delivered to the mobile terminal MT in accordance with its 
Multicast address, as illustrated by "dashed" line (4). 

In contrast, the mobile terminal MT may move far enough away from any 
router associated with the various subnetworks which make up the mobile 
terminars home Internet site, such that it becomes advantageous for the mobile 

25 terminal to attach to a foreign Internet site. To do so, the mobile terminal MT 
undergoes an inter-site handover. In general, when this occurs, the mobile 
terminal MT registers with the MMA associated with the foreign Internet site. 
The mobile terminal MT accomplishes this by sending the MMA a binding update 
message, wherein the binding update message contains the mobile terminal's home 
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address as well as its Multicast address. In return, the mobile terminal MT is 
assigned a care-of-address associated with the foreign Internet site MM A. The 
care-of-address and the mobile terminal's home address are then registered with 
the mobile terminal's home agent HA. 

FIG. 5 illustrates a second aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT after it has undergone the inter-site 
handover procedure described above, wherein the mobile terminal MT is now 
attached to the foreign Internet site. More specifically, FIG. 5 illustrates the 
routing of an IP- data packet from a correspondent node CN to the mobile terminal 
MT after the mobile terminal MT has attached itself to the foreign Internet site. 
As illustrated shown by line (1), the' correspondent node CN initially sends IP data 
packets destined for the mobile terminal to the mobile terminal's home address, in 
accordance with MIPv6. The home agent HA intercepts the IP data packet and 
encapsulates it using the care-of-address associated with the foreign Internet site 
MMA. The home agent HA then sends the IP data packet to the MMA, as shown 
by line (2). The MMA, upon receiving the IP data packet, decapsulates the IP 
data packet, and then re-encapsulates the IP data packet using the mobile terminal's 
Multicast address. The MMA then sends the IP data packet to the mobile terminal 
MT in accordance with the Multicast routing protocol and the mobile terminal's 
Multicast address, as shown by "dashed" line (3) or "dashed" line (4), depend upon 
whether the mobile terminal MT is attached to subnetwork A and/or subnetwork 
B. 

In accordance with route optimization techniques, the foreign Internet site 
MMA may send a binding update message to the correspondent node CN, as 
illustrated by the line (5) in FIG. 5, wherein the binding update message contains 
the mobile terminal's home address and the mobile terminal's care-of-address 
associated with the MMA. Thereafter, the correspondent node CN can send IP 
data packets directly to the MMA, in accordance with MIPv6, as illustrated by line 
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(6). Once again, the MM A encapsulates the IP data packets using the mobile 
terminal's Multicast address as the destination address. The IP data packets are 
then sent to the mobile terminal MT in accordance with the Multicast routing 
protocol and the mobile terminal's Multicast address, as illustrated by "dotted" line 
5 (3) or "dotted" line (4). 

Again, the mobile terminal MT is also assigned a temporary care-of- 
address that is associated with its current point-of-attachment to the network. As 
previously stated, this temporary care-of-address is used as the source address 
when the mobile terminal MT sends IP data packets to a correspondent node. 

10 Doing so ensures that the IP data packets being sent by the mobile terminal MT 
avoid ingress filtering at intermediate routers. 

The benefits and other advantages associated with this second aspect of the 
present invention are most evident when the mobile terminal MT undergoes one or 
more intra-site handovers within the same foreign Internet site, for example, from 

15 the subnetwork associated with router A to the subnetwork associated with router 
B. That is because intra-site handovers are transparent to the network nodes 
external to the foreign Internet sitel as explained above. Accordingly, there is no 
need to re-register with the home agent HA. Likewise, there is no need to re- 
register with the MMA. Avoiding these re-registration steps significantly reduces 

20 overall network overhead and the time required to complete a handover procedure. 
Another, perhaps more significant benefit, is that a mobile terminal may receive IP 
data packets from different networks at the same time. It is noted, however, that 
while the mobile terminal MT is able to avoid re-registering with its home agent 
HA, as well as the MMA associated with the foreign Internet site, it does have to 

25 send a Multicast Join Request message to the router associated with the 

subnetwork to which the mobile terminal MT is attempting to attach, for example, 
router B. 

As the mobile terminal MT moves about within the geographic domain 
associated with the foreign Internet site, it may, of course, receive IP data packets 
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from different routers (i.e., from different networks). However, it is currently 
possible to transmit IP data packets through one router at a time. Therefore, when 
it comes time to request a handover (e.g., when the signal quality associated with 
the communications link between the mobile terminal MT and the router through 
5 which it is currently attached drops below a certain signal quality threshold), the 
mobile terminal MT should request attachment to the subnetwork associated with 
the router that best meets its needs. 

One way the mobile terminal MT assures that it chooses the router that best 
suits its needs, is to monitor the router advertisements broadcast by each router 

10 proximately located to the mobile terminal MT. The mobile terminal MT can use 
these router advertisements to derive an average measure of signal strength for 
each router. The router exhibiting the highest signal strength may be the one that 
best suites the mobile terminal's requirements. However, it will be understood 
that in choosing a router, factors other than signal strength may be considered, 

15 such as bandwidth capability, congestion, delay, various geographical factors, cost 
and available services. 

It should be noted that each router advertisement identifies the 
1 corresponding router as well as the address associated with the corresponding 
MMA, that is, the MMA associated with the Internet site. During a handover 

20 procedure, a mobile terminal MT can use this information to determine if the 
impending handover is an intra-site handover or an inter-site handover. For 
example, if the mobile terminal MT selects a router whose router advertisement 
contains the address of the MMA associated with the present Internet site, the 
handover will be an intra-site handover. In contrast, if the mobile terminal MT 

25 selects a router whose router advertisement contains the address of a MMA 
associated with a different Internet site, the handover will be an inter-site 
handover. 

FIG. 6 now illustrates a third aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
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requirements of a mobile terminal MT that undergoes an inter-site handover from a 
subnetwork A associated with router A, which in turn is associated with a first 
foreign Internet site A, to a subnetwork B associated with router B, which in turn 
is associated with a second foreign Internet site B. As stated above, the mobile 
5 terminal MT recognizes that it has or is about to undergo an inter-site handover 
because the router advertisement broadcast by router B contains the address of a 
new MMA (i.e., MMA^. 

In accordance with this third aspect of the present invention, the mobile 
terminal MT registers with MMA 2 , as illustrated by line (1) in FIG. 6, wherein 

10 registration involves sending a binding update message to MMAj which contains 
the home address and the Multicast address of the mobile terminal MT. In return, 
the mobile terminal MT is assigned a care-of-address associated with MMA^ In 
addition, the mobile terminal MT sends a Multicast Join Request message to router 
B. However, at this point, the mobile terminal MT continues to receive IP data 

15 packets from a correspondent node CN through MMA,, as shown by lines (2) an 
(3). 

In addition to registering with MMAj, the mobile terminal MT also 
registers with its home agent HA, as illustrated by line (4). Registration with the 
home agent HA involves sending a binding update message that contains the 

20 mobile terminal's home address and the mobile terminal's care-of-address 

associated with MMA 2 . Once the mobile terminal MT registers with its home 
agent HA, the home agent HA can tunnel IP data packets, destined for the mobile 
terminal MT, over the Internet to MM^ rather than MMA h in accordance with 
MEPv6 and the mobile terminal's care-of-address associated with MMA^ MMA 2 

25 then tunnels the IP data packets to the mobile terminal MT in accordance with the 
Multicast routing protocol and the mobile terminal's Multicast address, as 
illustrated by "dashed" line (5). 

Eventually, the mobile terminal MT de-registers with MMA,, as illustrated 
by line (6) in FIG. 6. In accordance with a preferred embodiment of the present 
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invention, de-registration includes a request that MMAj tunnel IP data packets 
from a correspondent node CN to the mobile terminal MT, via MMAj, for a 
certain period of time, as illustrated by line (7). This, of course, assumes that 
correspondent node CN was sending IP data packets to the mobile terminal MT in 
accordance with route optimization techniques. However, upon receiving an IP 
data packet from MMAj for the mobile terminal MT, MMAj, in addition to 
tunneling the BP data packet to the mobile terminal MT in accordance with the 
Multicast routing protocol and the mobile terminal's Multicast address, sends a 
binding update message to the correspondent node CN, as illustrated by line (8). 
In doing so, the correspondent node CN can continue to employ route optimization 
through MMA 2 , rather than through MM A,, as shown by line (9). 

As previously explained, the mobile terminal MT may continue to move 
about within a geographic region associated with foreign Internet site B, and in so 
doing, undergo numerous intra-site handover procedures. However, as long as the 
mobile terminal MT remains connected to foreign Internet site B, the mobile 
terminal MT need not re-register with its home agent HA. Furthermore, the 
mobile terminal MT need not re-register with MMAj, since the mobile terminal's 
Multicast address does not change. 

FIG. 7 illustrates a fourth aspect of the present invention, wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover from a 
subnetwork A associated with router A, which in turn is associated with a foreign 
Internet site, to a subnetwork B associated with router B, which in turn is 
associated with the mobile terminal's home network. In accordance with this 
fourth aspect of the present invention, the mobile terminal MT requests a handover , 
from router A to router B based on the signal strength of the router advertisements 
it received from router B, and/or other factors described above. Of course, the 
mobile terminal MT recognizes that router B is associated with its home network 
because the router advertisements broadcast by router B contain the mobile 
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terminal's home network prefix. 

The mobile terminal MT then de-registers with its home agent HA, by 
sending the home agent HA a binding update message that includes the mobile 
terminal's home address. The mobile terminal MT also de-registers with the 

5 MMA associated with the foreign network. The request to de-register with the 
MMA is illustrated by line (1). Again, de-registering with the MMA includes a 
request that the MMA continue to tunnel IP data packets received from any 
correspondent nodes, as illustrated by line (2), to the mobile terminal for a certain 
period 6f time, as illustrated by "dashed" line (3). Upon receiving an IP data 

10 packet from the correspondent node CN, via the MMA, the mobile terminal MT 
may send a binding update message to the correspondent node, as illustrated by 
line (4), wherein the binding update message informs the correspondent node CN 
to thereafter route IP data packets to the mobile terminal's home address, as shown 
by line (5). 

15 FIG. 8 illustrates a fifth aspect of the present invention, wherein the 

hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover from a 
subnetwork A associated with router A, wherein subnetwork A and router A are, 
in turn, associated with a foreign Internet site, ( to a subnetwork B associated with 

20 router B, wherein subnetwork B and router B are, in turn, associated with the 
mobile tenninars home Internet site. However, subnetwork B is not the mobile 
terminal's home network. In accordance with this fifth aspect of the present 
invention, the mobile terminal MT requests a handover from router A to router B 
based on the signal strength of the router advertisements it receives from router B, 

25 and/or other factors described above. 

The mobile terminal MT then registers with the MMA associated with its 
home Internet site (i.e., MMAj). The mobile terminal MT registers with MMA 2 
by sending MMA 2 a binding update message that contains the mobile terminal's 
home address and the mobile terminal's Multicast address. The sending of the 
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binding update message is illustrated in FIG. 8 by line (1). In return, the mobile 
terminal MT is assigned a care-of-address associated with MMA^ In addition to 
sending a binding update to MMAj, the mobile terminal MT also sends a Multicast 
Join Request message to router B. 
5 The mobile terminal MT also registers with its home agent HA, by sending 

the home agent HA a binding update message that contains its home address and 
its care-of-address associated with MMA 2 . The Sending of the binding update 
message to the home agent HA is illustrated in FIG. 8 by line (2). Thereafter, the 
home agent HA can tunnel IP data packets from any correspondent nodes, such as 

10 correspondent node CN, destined for the mobile terminal MT, to MMAj rather 
than the MMA, (i.e., the MMA through which the mobile terminal MT was 
previously receiving IP data packets). MMA 2 can then tunnel the IP data packets 
to the mobile terminal MT in accordance with the Multicast routing protocol and 
the mobile terminal's Multicast address, as illustrated by "dashed" line (3). 

15 Further in accordance with the fifth aspect of the present invention, the 

mobile terminal MT de-registers with the MMA through which it was previous 
communicating (i.e., MMAj). This de-registration message is illustrated in FIG. 8 
by line (4). Included with the de-registration message is a request that MMA, 
tunnel IP data packets from any correspondent nodes CN to MMA> for a certain 

20 period of time. This assumes, of course, that the correspondent node CN is 

employing route optimization techniques in sending IP data packets to the mobile 
terminal MT. The temporary tunneling of IP data packets from MMA, to MMA 2 
is illustrated by line (5). 

Upon receiving an IP data packet from MMA,, destined for the mobile 

25 terminal MT, MMA 2 tunnels the IP data packet to the mobile terminal MT in 

accordance with the Multicast routing protocol and the mobile terminal's Multicast 
address, as illustrated by "dashed" line (3). In addition, MMAj may send a 
binding update message to the correspondent node CN, as shown by line (6), 
wherein the binding update message contains the mobile terminal's home address 
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and the mobile terminal's care-of-address in MMAj. Thereafter, the 
correspondent node CN can employ route optimization techniques to send IP data 
packets destined for the mobile terminal MT directly to MMAj in accordance with 
MIPv6, as illustrated by line (7). MMAj then tunnels the IP data packets to the 
5 mobile terminal MT in accordance with the Multicast routing protocol and the 
mobile terminal's Multicast address, as illustrated by "dashed" line (3). It should 
be noted that "solid" line (8) and "dashed" line (9) represent the routing of IP data 
packets to the mobile terminal MT prior to the inter-site handover, wherein the 
Mashed" line (9) indicates that IP data packets are being routed in accordance with 

10 the Multicast routing protocol and the mobile terminal's Multicast address. 

Once again, the benefits and other advantages associated with the fifth 
aspect of the present invention are most evident as the mobile terminal MT moves 
about within the geographic region associated with its home Internet site, so that it 
undergoes one or more intra-site handovers to routers associated with subnetworks 

15 that are not the mobile terminal's home network. For example, if the mobile 
terminal MT undergoes an intra-site handover, there is no need for the mobile 
terminal MT to re-register with the home agent HA. Nor is there any need for the 
' mobile terminal MT to re-register with MMA^ As previously stated, avoiding 
these re-registration procedures during handover saves time and network overhead, 

20 and it generally speeds up the handover procedure, thereby improving micro 
mobility. 

As stated above, a mobile terminal MT presently attached to its home 
Internet site may move far enough away from any routers associated with its home 
Internet site such that it becomes advantageous to attach to a foreign Internet site. 
25 FIG. 9 illustrates yet a sixth aspect of the present invention wherein the 

hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover from a 
router A associated with a subnetwork A other than the mobile terminal's home 
network, wherein subnetwork A is, nevertheless, associated with the mobile 
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terminal's home Internet site, to a router B associated with subnetwork B in the 
foreign Internet site. 

In accordance with this sixth aspect of the present invention, the mobile 
terminal MT requests a handover from router A to router B based on the signal 
strength of the router advertisements it receives from router B, and/or other factors 
described above. The mobile terminal MT then registers with the MMA 
associated with the foreign Internet site (i.e., MMA 2 ). Registration with MMAj 
involves sending a binding update message to MMA 2 , which contains the mobile 
terminal's home address as well as the mobile terminal's Multicast address. 
Sending the binding update message to MMAj is illustrated in FIG. 9 by line (1). 
In return, the mobile terminal MT is assigned a care-of-address associated with 
MMA 2 . In addition, the mobile terminal MT sends a Multicast Join Request 
message to router B. 

The mobile terminal MT also registers with its home agent HA. 
Registration with the home agent HA involves sending a binding update message 
to the home agent HA, wherein the binding update message contains the mobile 
terminal's home address and the mobile terminal's care-of-address associated with 
MMA 2 . Sending a binding update message to the home agent HA is illustrated in 
FIG. 9 by line (2). Herein after, the home agent HA is capable of tunneling IP 
data packets, destined for the mobile terminal MT, to MMAj in accordance with 
MIPv6 and the care-of-address associated with MMAj. MMAj can then tunnel the 
IP data packets to the mobile terminal MT in accordance with the Multicast routing 
protocol and the mobile terminal's Multicast address, as illustrated by "dashed" 
line (3). 

Further in accordance with the sixth aspect of the present invention, the 
mobile terminal MT de-registers with MMA^ The process of de-registering with 
MMA, is illustrated in FIG. 9 by line (4). Included in the de-registration process 
is a request that MMA] tunnel IP data packets destined for the mobile terminal 
MT, from any correspondent node CN, to MMA, in accordance with MIPv6 for a 
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certain period of time. Again, this assumes that the correspondent node CN 
sending the IP data packets was employing route optimization techniques. The 
tunneling of IP data packets from MMAj to MMA 2 is illustrated by line (5). 
Upon receiving IP data packets from MM A,, destined for the mobile 
5 terminal MT, MMA 2 tunnels the IP data packets to the mobile terminal MT in 

accordance with the Multicast routing protocol and the mobile terminal's Multicast 
address, as illustrated by "dashed" line (3). Furthermore, MMAj sends a binding 
update message to the correspondent node CN, as illustrated by line (6), wherein 
the binding update message contains the home address of the mobile terminal MT 

10 and the mobile terminal's care-of-address associated with MMA2. Thereafter, the 
correspondent node CN can route IP data packets destined for the mobile terminal 
MT, to MMA 2 directly, as shown by line (7), in accordance with MIPv6 and the 
care-of-address associated with MMA 2 . MMA 2 will then tunnel the IP data 
packets to the mobile terminal MT in accordance with the Multicast routing 

15 protocol and the mobile terminal's Multicast address, as illustrated by "dashed" 
line (3). It should be noted that line (8)represents the routing path of IP data 
packets prior to the inter-site handover. 

Again, the benefits and other advantages associated with the sixth aspect of 
the present invention are most evident when the mobile terminal MT continues to 

20 move about within the geographic region associated with the foreign Internet site, 
such that the mobile terminal MT undergoes one or more intra-site handovers 
between routers associated with the foreign Internet site. For example, when the 
mobile terminal MT does, in fact, undergo an intra-site handover within the 
foreign Internet site, there is no need for the mobile terminal MT to re-register 

25 with its home agent HA. Nor is there any need for the mobile terminal MT to re- , 
register with MMA 2 . As previously stated, avoiding these re-registration 
procedures during handover saves time and network overhead, and it generally 
speeds up the handover procedure. 
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FIG. 10 illustrates yet a seventh aspect of the present invention wherein the 
hierarchical, double-protocol technique is used to support the micro mobility 
requirements of a mobile terminal MT that undergoes an inter-site handover from a 
router A, that is associated with the mobile terminal's home network, to a router B 
5 associated with a foreign Internet site. In accordance with this seventh aspect of 
the present invention, the mobile terminal MT requests a handover from router A 
to router B based on the signal strength of the router advertisements it receives 
from router B, and/or other factors described above. 

' Again, the mobile terminal MT then registers with the MMA associated 

10 with the foreign network. Registration involves sending a binding update message 
to the MMA, wherein the binding update message contains the mobile terminal's 
home address as well as the mobile terminal's Multicast address. Sending the 
binding update message to the MMA is illustrated in FIG. 10 by line (1). In 
return, the mobile terminal MT is assigned a care-of-address associated with the 

15 MMA. In addition, the mobile terminal MT sends a Multicast Join Request 
message to router B. 

The mobile terminal MT also registers with its home agent HA. 
Registration with the home agent HA involves sending the home agent a binding 
update message that contains the mobile terminal's home address and the mobile 

20 terminal's care-of-address associated with the MMA. Sending the binding update 
message to the home agent is illustrated in FIG. 10 by line (2). Herein after, the 
home agent can, upon intercepting IP data packets destined for the mobile terminal 
MT, tunnel the intercepted IP data to the MMA in accordance with the mobile 
terminal's care-of-address associated with the MMA and in accordance with 

25 MIPv6. Line (3) in FIG. 10 represents IP data packets being tunneled from the 
home agent to the MMA, in accordance with MIPv6. 

Upon receiving the IP data packets from the home agent, the MMA tunnels 
the IP data packets to the mobile terminal MT in accordance with the Multicast 
routing protocol and the mobile terminal's Multicast address, as indicated by 
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"dashed" line (4) in FIG. 10. In addition, the MMA sends a binding update 
message to the correspondent node CN, as illustrated by line (5), wherein the 
binding update message contains the mobile terminal's home address and the care- 
of-address associated with the MMA. In so doing, the correspondent node CN can 
5 begin sending IP data packets, destined for the mobile terminal MT, directly to the 
MMA, as illustrated by line (6), in accordance with MIPv6. Again, the MMA 
then tunnels the packets to the mobile terminal MT, as illustrated by "dashed" line 
(4), in accordance with the Multicast routing protocol and the mobile terminal's 
Multicast address. It should be noted that line (7) represents the routing path of IP 

10 data packets prior to the inter-site handover. 

As was the case for each of the previously described aspects of the present 
invention, the benefits and other advantages associated with the seventh aspect of 
the present invention are most evident when the mobile terminal MT moves to a 
new point-of-attachment in the foreign Internet site, such that it undergoes an intra- 

15 site handover. Because the Multicast address of the mobile terminal MT does not 
change and because the Multicast routing protocol ensures that the IP data packets 
will be properly tunneled to the mobile terminal MT from the corresponding 
MMA, there is no need for the mobile terminal MT to re-register with its home 
agent HA during the intra-site handover. Nor is there any need for the mobile 

20 terminal MT to re-register with the MMA. Consequently, the intra-site handover, 
and micro mobility in general, are accomplished in a far more efficient and 
effective manner. 

The present invention has been described with reference to a number 
aspects and various exemplary embodiments. However, it will be readily apparent 
25 to those skilled in the art that it is possible to embody the invention in specific 
forms other than those described above without departing from the spirit of the 
invention. The various aspects and exemplary embodiments are illustrative, and 
they should not be considered restrictive in any way. The scope of the invention is 
given by the appended claims, rather than the preceding description, and all 
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variations and equivalents thereof which fall within the range of the claims are 
intended to be embraced therein. 



i 
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WHAT IS CLAIMED IS: 

1. In a mobile telecommunications network, a method for routing Internet 
Protocol (IP) data packets between a mobile terminal and a correspondent node, 

5 said method comprising the steps of: 

routing an IP data packet from the correspondent node, over the Internet, to 
a mobility management agent (MMA) associated with the Internet site to which the 
mobile terminal is attached, in accordance with a Mobile Internet Protocol (Mobile 
IP) and a network address associated with the MMA; and 
10 routing the IP data packet from the MMA to a present location of the 

mobile terminal in the Internet site, in accordance with a Multicast routing 
protocol and a Multicast address which has been assigned to the mobile terminal. 

2. The method of claim 1, wherein said step of routing the IP data packet 

15 from the correspondent node, over the Internet, to the MMA, in accordance with a 
Mobile IP and the network address associated with the MMA, comprises the steps 
of: 

routing the IP data packet to a home address assigned to the mobile 
terminal; 

20 intercepting the IP data packet at the mobile terminal's home network; and 

tunneling the IP data packet from the mobile terminal's home network to 
the MMA in accordance with the Mobile IP and the network address associated 
with the MMA. 

25 3. The method of claim 1 further comprising the step of: 

receiving the IP data packet at the MMA, wherein the IP data packet 
identifies the mobile terminal by a home address associated with the mobile 
terminal; 

determining the Multicast address associated with the mobile terminal based 
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on mapping data contained in the MMA, wherein the mapping data relates the 
Multicast address of the mobile terminal to the home address of the mobile 
terminal; and , 

encapsulating the IP data packet using the mobile terminal's Multicast 
5 address. 

4. The method of claim 3, wherein said step of routing the IP data packet 
from the MMA to the present location of the mobile terminal in the Internet site, in 
accordance with the Multicast routing protocol and the mobile terminal's Multicast 

1 0 address comprises the step of: 

sending the encapsulated IP data packet to the mobile terminal in 
accordance with the Multicast routing protocol. 

5. The method of claim 1, wherein the mobile terminal's home address is a 
15 Unicast address. 

6. The method of claim 1, wherein the mobile terminal is a visiting mobile 
1 terminal at the Internet site. 

20 7. The method of claim 1, wherein the Multicast routing protocol is a Protocol 
Independent Multicast (PIM) routing protocol 

8. The method of claim 1, wherein the Mobile IP is the Mobile IP version 6. 

25 9. The method of claim 1 , wherein the Mobile IP is the Mobile IP version 4. 

10. In a mobile telecommunications network, a method for managing the micro 
mobility requirements of a mobile terminal comprising the steps of: 
assigning the mobile terminal a Multicast address; 
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initiating a first mtra-site handover of the mobile terminal from a first 
subnetwork to a second subnetwork, wherein the first subnetwork is the mobile 
terminal's home subnetwork, and wherein both the first subnetwork and the second 
subnetwork are associated with the mobile terminal's home Internet site; 

sending a binding update message to a home agent associated with the 
mobile terminal, wherein the binding update message to the home agent contains 
information including a home address associated with the mobile terminal; and 

sending a binding update message to a mobility management agent (MMA) 
associated with the home Internet site, wherein the binding update message to the 
MMA contains information including the mobile terminal's Multicast address. 

1 1 . The method of claim 10 further comprising the steps of: 

sending an IP data packet destined for the mobile terminal to the MMA, in 
accordance with a Mobile Internet Protocol (IP); and 

tunneling the IP data packet from the MMA to the mobile terminal located 
at a point-of-attachment in the second subnetwork, in accordance with a Multicast 
routing protocol and the mobile terminal's Multicast address. 

12. The method of claim 1 1 , wherein said step of sending the IP data packet 
destined for the mobile terminal to the MMA, in accordance with the Mobile IP 
comprises the steps of: 

routing the IP data packet over the Internet from a correspondent node to 
the mobile terminal's home address; 

intercepting the IP data packet at the home agent; and 
tunneling the IP data packet from the home agent to the MMA. 

13. The method of claim 10, wherein the binding update message to the home 
agent further includes a care-of-address associated with the MMA. 
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14. The method of claim 10, wherein the binding update message to the MMA 
further includes the mobile terminal's home address. 



15. The method of claim 10 further comprising the step of: 
5 initiating another intra-site handover of the mobile terminal to a third 

subnetwork associated with the mobile terminal's home Internet site; 

routing an IP data packet to the MMA in accordance with the Mobile IP 
and the binding update information sent to the home agent during the first intra-site 
handover; and 

10 routing the IP data packet from the MMA to the mobile terminal located at 

a point-of-attachment in the third subnetwork, in accordance with the Multicast 
routing protocol and the mobile terminal's Multicast address contained in the 
binding update message sent to the MMA during the first intra-site handover. 

15 16. The method of claim 10, wherein the Multicast routing protocol is a 
Protocol Independent Multicast (PIM) routing protocol. 

17. The method of claim 10, wherein the mobile terminal's home address is a 
Unicast address. 

20 

18. The method of claim 10, wherein the Mobile IP is the Mobile IP version 6. 

19. In a mobile telecommunications network, a method for managing the micro 
mobility requirements of a mobile terminal comprising the steps of: 

25 assigning the mobile terminal a Multicast address; 

initiating an inter-site handover of the mobile terminal to a point-of- 
attachment associated with a foreign Internet site; 

sending a binding update message to a mobility management agent (MMA) 
associated with the foreign Internet site, wherein the binding update message to the 
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MMA includes a home address for the mobile terminal and the mobile terminal's 
Multicast address; 

assigning the mobile terminal, a care-of-address in the MMA; 

sending a binding update message to a home agent associated with the 
5 mobile terminal, wherein the binding update to the home agent includes the mobile 
terminal's home address and the mobile terminal's care-of-address in the MMA; 

routing an IP data packet from a correspondent node, destined for the 
mobile terminal, over the Internet to the mobile terminal's care-of-address in the 
MMA; in accordance with a Mobile Internet Protocol (IP); and 
10 routing the IP data packet from the MMA to the mobile terminal's point-of- 

attachment in the foreign Internet site, in accordance with the mobile terminal's 
Multicast address and a Multicast routing protocol. 

20. The method of claim 19, wherein said step of routing the IP data packet, 
15 destined for the mobile terminal, to the mobile terminal's care-of-address in the 

MMA, in accordance with the Mobile IP comprises the steps of: 

sending the IP data packet from a correspondent node, over the Internet, to 
* the mobile terminal's home address; 

intercepting the IP data packet at the home agent; 
20 encapsulating the IP data packet using the mobile terminal's care-of-address 

in the MMA; and 

sending the IP data packet from the home agent to the MMA. 

21 . The method of claim 19 further comprising the step of: 

25 sending a binding update message to a correspondent node, wherein the 

binding update message to the correspondent node includes the mobile terminal's 
home address and the mobile terminal's care-of-address associated in the MMA. 

22. The method of claim 21, wherein said step of routing the IP data packet, 
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destined for the mobile terminal, to the mobile terminal's care-of-address in the 
MM A, in accordance with the Mobile IP comprises the step of: 

directly routing the IP data packet from a correspondent node, over the 
Internet, to the mobile terminal's care-of-address in the MMA, in accordance with 
5 the Mobile IP. 

23. The method of claim 19 further comprising the steps of: 

initiating an intra-site handover of the mobile terminal from a current point- 
of-attachment in the foreign Internet site to a new point-of-attachment in the 
10 foreign Internet site; 

routing a second IP data packet from the correspondent node, destined for 
the mobile terminal, to the mobile terminal's care-of-address in the MMA, in 
accordance with the Mobile IP; and 

routing the IP data packet from the MMA to the mobile terminal's new 
15 point-of-attachment in the foreign Internet site, in accordance with the mobile 
terminal's Multicast address and the Multicast routing protocol. 

24. The method of claim 19 further comprising the step of: 

sending a de-registration message to a previous MMA, wherein the 
20 previous MMA is associated with a previous Internet site to which the mobile 
terminal was attached. 

25. The method of claim 24, wherein said step of sending the de-registration 
message to the previous MMA comprises the step of: 

25 requesting that the previous MMA tunnel IP data packets, destined for the ( 

mobile terminal, to the mobile terminal's care-of-address in the MMA associated 
with the foreign Internet site to which the mobile terminal is presently attached, for 
a certain period of time. 
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26. The method of claim 25 further comprising the steps of: 
tunneling IP data packets, destined for the mobile terminal, from the 

previous MMA to the mobile terminal's care-of-address in the MMA associated 
with the foreign Internet site 1 to which the mobile terminal is presently attached, for 
5 a certain period of time, in accordance with the Mobile IP; and 

tunneling the IP data packets from the MMA, associated with the foreign 
Internet site to which the mobile terminal is presently attached, to the mobile 
terminal in accordance with the Multicast routing protocol and the mobile 
terminal's Multicast address. 

10 

27. The method of claim 19, wherein the Mobile IP is the Mobile IP version 6. 

28. In a mobile telecommunications network, a method for managing the micro 
mobility requirements of a mobile terminal comprising the steps of: 

15 assigning the mobile terminal a Multicast address; 

initiating an inter-site handover of the mobile terminal from a point-of- 
attachment in a foreign Internet site to a point-of-attachment in the mobile 
terminal's home Internet site; 

sending a binding update message to a, first mobility management agent 
20 (MMA) associated with the home Internet site, wherein the binding update 

message to the first MMA includes a home address for the mobile terminal and the 
mobile terminal's Multicast address; 

assigning the mobile terminal a care-of-address in the first MMA; 

sending a binding update message to a home agent associated with the 
25 mobile terminal, wherein the binding update message to the home agent includes 
the mobile terminal's home address and the mobile terminal's care-of-address 
associated with the first MMA; 

routing an IP data packet from a correspondent node, destined for the 
mobile terminal, over the Internet to the mobile terminal's care-of-address in the 
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first MM A, in accordance with a Mobile Internet Protocol (IP); and 

routing the IP data packet from the first MM A to the mobile terminal's 
point-of-attachment in the home Internet site, in accordance with the mobile 
terminal's Multicast address and a Multicast routing protocol. 

5 

29. The method of claim 28, wherein said step of routing the IP data packet 
from a correspondent node, destined for the mobile terminal, over the Internet to 
the mobile terminal's care-of-addfess in the first MM A, in accordance with the 
Mobile IP comprises the steps of: 

10 sending the IP data packet from the correspondent node, over the Internet, 

to the mobile terminal's home address; 

intercepting the IP data packet at the home agent; 

encapsulating the IP data packet using the mobile terminal's care-of-address 
in the first MM A; and 
1 5 sending the IP data packet from the home agent to the first MM A. 

30. The method of claim 28 further comprising the step of: 

sending a binding update message to the correspondent node, wherein the 
binding update message to the correspondent node includes the mobile terminal's 
20 home address and the mobile terminal's care-of-address in the first MM A. 

3 1 . The method of claim 28 further comprising the steps of: 

initiating an intra-site handover of the mobile terminal from a current point- 
of-attachment in the home Internet site to a new point-of-attachment in the home 
25 Internet site; 

routing a second IP data packet from the correspondent node, destined for 
the mobile terminal, to the mobile terminal's care-of-address in the first MM A, in 
accordance with the Mobile IP; and 

routing the IP data packet from the first MM A to the mobile terminal's new 
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point-of-attachment in the home Internet site, in accordance with the mobile 
terminal's Multicast address and the Multicast routing protocol. 

32. The method of claim 28 further comprising the step of: 

5 sending a de-registration message to a previous MM A, wherein the 

previous MMA is associated with a foreign Internet site to which the mobile 
terminal was previously attached. 

33. The method of claim 32, wherein said step of sending the de-registration 
10 message to the previous MMA comprises the step of: 

requesting-thaHhe-previous MMA tunnel IP data packets, destined for the 

mobile terminal, to the mobile terminars care-of-address in the first MMA, for a 
certain period of time. 

15 34. The method of claim 33 further comprising the steps of: 

tunneling IP data packets, destined for the mobile terminal, from the 
previous MMA to the mobile terminars care-of-address in the first MMA, for a 
certain period of time, in accordance with the Mobile IP; and 

tunneling the IP data packets from the first MMA to the mobile terminal in 
20 accordance with the Multicast routing protocol and the mobile terminal* s Multicast 
address. 

35. The method of claim 28 wherein the Mobile IP is the Mobile IP version 6. 

25 36. A mobile telecommunications network capable of routing Internet Protocol 
(IP) data packets between a mobile terminal and a correspondent node, said 
network comprising: 

a mobility management agent (MMA) associated with an Internet site to 
which the mobile terminal is attached; 
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means for routing an IP data packet from the correspondent node, over the 
Internet, to the MM A, in accordance with a Mobile Internet Protocol (IP) and a 
care-of-address associated with the MM A assigned to the mobile terminal; and 

means for routing the' IP data packet from the MMA to a present location of 
5 the mobile terminal within the Internet site, in accordance with a Multicast routing 
protocol and a Multicast address which has been assigned to the mobile terminal. 



37. The network of claim 1, wherein said means for routing the IP data packet 
from the correspondent node, over the Internet, to the MMA, in accordance with a 
Mobile IP and the mobile terminal's care-of-address in the MMA, comprises: 

means for routing the IP data packet to a home address assigned to the 
mobile terminal; 

a home agent of the mobile terminal for intercepting the IP data packet at 
the mobile terminal's home network; and 

means for tunneling the IP data packet to the MMA in accordance with 
Mobile IP and the mobile terminal's care-of-address in the MMA. 

38. The network of claim 36 further comprising: 
means for receiving the IP data packet at the MMA, wherein the IP data 

20 packet identifies the mobile terminal by a home address associated with the mobile 
terminal; 

mapping means in the MMA for determining the Multicast address 
associated with the mobile terminal based on the mobile terminal's home address; 
and 

25 means for encapsulating the IP data packet using the mobile terminal's 

Multicast address. 



10 



15 



39. The network of claim 38, wherein said means for routing the IP data packet 
from the MMA to the present location of the mobile terminal within the Internet 
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site, in accordance with the Multicast routing protocol and the mobile terminal's 
Multicast address comprises: 

means for sending the encapsulated IP data packet to the mobile terminal in 
accordance with the Multicast routing protocol. 

5 

40. The network of claim 36, wherein the mobile terminal's home address is a 
Unicast address. 

41. The network of claim 36, wherein the mobile terminal is a visiting mobile 
10 terminal at the Internet site. . . 



42. The network of claim 36, wherein the Multicast routing protocol is a 
Protocol Independent Multicast (PIM) routing protocol. 



15 43. The network of claim 36, wherein the Mobile IP is the Mobile IP version 
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